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OmnpeneneHne MAacOPTHBIX HEHTPOHHO-(M3WYECKUX XapaKTepucTHK peakropoB PBEMK,
KaK TPaBUJIO, CBA3aHO C U3MEPEHUEM PEAKTUBHOCTH. [[J1s1 3TOr0 B KpUTHYECKOM COCTOSHUU
OCYHICCTBIIACTCS N3MEHEHHE NTapaMeTpa, BIMIHAE KOTOPOrO Ha PEAKTUBHOCTD UCCIIELYETC, a
BHOCHMAsi PEaKTHBHOCTb ONpeAeNseTcs B pe3yibTraTe oOpabOTKM MOKa3aHUM HEWTPOHHBIX
KaMep METOJIOM OOpallleHHOTO pellleHusl ypaBHEHHM ToueuyHol kuHetuku [1]. Ilpm Takux
MU3MEPEHUSAX CYIIECTBEHHBIM, C TOUKH 3PEHHUS MTOJIy4aeMOr0 Pe3yJIbTaTa, ABJISIETCS LENbII Pl
MOMEHTOB, B YaCTHOCTH BEJIWYMHA BHOCUMOIO BO3MYILEHHs, a TAKXKE YHMCIO U MECTO
pacmojIoKEeHUS KaMep.

JlnntenbHOe BpeMsl Al U3MEPEHHUS PEaKTHUBHOCTH METOJOM OOpAIleHHOIO pELIEHUS
ypaBHEHMI TOYeUHOUW KMHETHKU Ha peakropax PBMK ucnons3zoBanu anamoroBo-uudpossie
peaktumeTpbl. [Ipu TMpoBeAeHWM OHKCIEPUMEHTOB B Ipolecce (PU3MYECKOro IycKa Ha
«XOJIOMHOM» pEaKTOpe B peakTUMeTpe oOpadaThIBaICA CyMMapHbIH TOKOBBIM CHrHal
YEThIPEX HEUTPOHHBIX KaMep, YCTAHOBJIEHHBIX B OCYIIEHHBIE TEXHOJIOTMYECKHE KaHAJIbI
aKTUBHOM 30HBIL. J[7s1 M3MepeHHs PEaKTUBHOCTH paOOTaIoLIero Ha MOIHOCTH peakTopa
MCIIOJIb30BaIM CYMMapHbBIN CUTHAJ IITATHBIX KaMEp, PacIoIOKEHHBIX 3a TPAaHULIEN aKTHUBHON
30Hbl. C 1983 roga Ha peakropax PBMK-1500 HUrnammuackoit ADC B KauecTBE IITATHBIX
OOKOBBIX JaTYMKOB CTaJld TNPUMEHATh IOABECKU C TpEMs, PA3HECEHHBIMU I10 BBICOTE,
KaMepaMd B KaXJIOM KaHaje. B gjanpHelinleM W IOpH NPOBEACHUM H3MEPEHUM Ha
OCTaHOBJIEHHBIX U pacxoiiokeHHbIX peakTopax PBMK-1000 cranu ucnonb3oBaTh CyMMapHbIT
CUTHAJl YETBIPEX TPEXKAaMEPHBIX IIOJBECOK, YCTAHABIMBAEMBIX B OCYIIECHHBIC KaHaJIbI
aKTHUBHOM 30HBI. TakoW MOAXOJ CTad JaBaTh OOJiee TOCTOBEPHBIC 3HAYEHUS PEAKTUBHOCTH,
MO3BOJISAA JIy4Yllle YYHUTHIBAaTh B M3MEPEHUSAX AKCUAIbHYIO HEOJHOPOJHOCTH HEUTPOHHOTO
IIOJISI B PEAKTOpeE.

B 1989 romy mpu ¢usmueckom mycke peaktopa TpeTbero Omoka Cmonenckoit ADC
BIIEPBBIC OBLJI HCIOJB30BAaH W3MEPHUTEIBHO-BBIYMCIUTENbHBIN KoMmIuieke «KentaBp-ADCy,
MO3BOJIMBILIMI NMPOBECTH U3MEPEHUS IUIOTHOCTH MOTOKA HEUTPOHOB B 74 TOUKax 1Mo oO0beMy
aKTHUBHOM 30HBI. MuKkpo DBM, BXoauBIas B COCTaB 3TOU anmapaTypsl, JaBaja BO3MOKHOCTh
OIEPATUBHO NMPOBOAUTH 00PAOOTKY TOKOBBIX CHUTHAJIOB HEUTPOHHBIX Kamep AJS MOJTy4YeHHUs
3HaYEHUN  pPEaKkTUBHOCTH W  MHCMOJNb30BaThb  pa3jMuHble  MOJAXOABl  JUId  ydera
npocTpaHcTBEHHBIX 3(dexroB. Ilpuniunel, peanuzoBanHbie B komiekce «KentaBp-ADCy,
ObuH ompoOoBaHkEl M OTpadoTaHbl B Komruiekce «KentaBp-KC» B TedueHHEe HECKONBKHX JIET
JI0 3TOrO YCIEIIHO MPUMEHSEMOM B HKCIEPUMEHTaX Ha KPUTUYECKUX YpPaH-TPapUTOBBIX
creugax PHII «KypuaroBckuit unctutyt [2, 3, 4]. B manbneiimem komruiekc «KeHTaBp-
ADC)y ycnemHo UCToIb30BaJICA B SKCIIEPUMEHTAX BO BpPEMs IUIAHOBBIX OCTAHOBOK PEAKTOPOB
Cmonenckoi, Jlenunrpaackoini u Kypckoit ADC [5]. lnd BO3MOXKHOCTM IPOBEIEHUS
U3MEPEHU B YCIOBMSAX MHTEHCHUBHOIO TraMMa H3JIy4Y€HUs, NPUCYTCTBYIOLIETO IIOCIE
OCTAaHOBA M PACXOJIAXHMBAHUS PEAKTOpa, B COCTAB CUCTEMbI ObUI BBEAEH OJIOK yCHIIUTENeEH,
pa0oTaroUMX B MIYJbCHO-(QIYKTyallUOHHOM pEXHME C KaMmepaMH, pacloylaraéMbIMHU B
LEHTPaJIbHBIX I'MJIb3aX JAaTYMKOB KOHTPOJISI SHEProBbIAEIEHUs 10 BbicoTe. IIpoBoaunuce
U3MEpEeHUsT W Ha paboTaloIluX B DHHEPreTHUECKOM pexuMe peakropax Kypckoil u
Cmonenckoii ADC ¢ HCHOJIB30BAHMEM CHTHAJIOB CepeOpsIHBIX 0eTa-3MUCCHOHHBIX
JIETEKTOPOB HEUTPOHOB INTaTHOH CHUCTEMBI (PU3WYECKOTO KOHTPOJISA pacupeneieHui



sHeproBeiaeneHuss (COKPD). B nHacrosiee BpeMss HOBble MOJU(PHUKAIMU H3MEPUTEIBHO-
BBIUMCIUTEIBHBIX KOMILUIEKCOB «KeHTaBp» HCHOIB3YIOTCS MPHU IMPOBEIECHUU H3MEpPEHUM
OCHOBHBIX HEHUTPOHHO-(U3NYECKUX MMapaMeTPOB PEAKTOPOB B XOJOAHOM COCTOSIHUU [6, 7].
B kadectBe [aTUMKOB TPUMEHSIOTCS  BBICOKOUYBCTBUTEJIbHBIE KaMepbl JEJIEHUS,
yCTaHaBJIMBAaEMBbIE B IIEHTpaJIbHbIE HecyIue TpyOKku TeroBbLiensonux coopok (TBC.)

PaccmarpuBaercss Bompoc 0 co3gaHMM Ha 0a3ze MOCIEAHMX MOIUGUKALMN anmnaparypsl
«KenraBp» cucrembl koHTpossa noakputuuHoctH (CKII-KEHTABP), mno3Bosstoniei
IOCTOSIHHO KOHTPOJMPOBATh IEPHOJ POCTa HEHTPOHHOrO IOTOKA B IIPOLIECCE BBIBOAA
peakTopa Ha MHHHUMAJbHBIH  KOHTPOJIMPYEMBI YPOBEHb  MOIIHOCTH, HCIOJB3Ys
BHYTPU30HHBIE Kamepbl neneHusd. Kak u panee, »Ta amnmapatypa Oyner obOecreuuBaTh
U3MEpPEHUE PEaKTUBHOCTH.

JlaHHBIN JOKIAA NPEACTABISAET PE3YJIbTATHl 3KCIEPUMEHTOB, BBIITOJIHEHHBIX C MIOMOIIBIO
komIuiekcoB «KenraBp» Ha kputmueckoM creHae PBMK wu peakropax PBMK, a Taxxke
onpezenser ocHoBHbIe MpuHIMIBI nocTpoeHus: CKII-KETABP.

1. Annmaparypa «KenraBp» Ha crenne PBMK

C 1988 roma Ha xputnueckoMm creHne PBMK ucnonesyercs kommuieke «KeHtaBp-KC».
Orta anmapaTypa TO3BOJISIET MPOBOJUTH HM3MEpPEHHE U 00pabOTKy NPOCTPaHCTBEHHBIX
pacnpeesIeHni TUIOTHOCTU NOTOKAa HEHMTPOHOB B CTAallMOHAPHOM COCTOSHMM M B IIpoLiecce
BBeJleHUs crepkHe CY3 win BeIXoza B KpUTHUYECKOe cocTosiHue. Kommieke coctout u3 68
JUHEHHBIX M3MEpPUTEIbHBIX KaHaJOB C MAJOradapuUTHBIMM KaMepamH JeJICHUs u
NEPCOHAIBHOTO KOMIIbloTepa. M3mepuTenbHble KaHalbl pabOTAalOT B TOKOBOM pEXHUME U
obecrieunBarOT M3MepeHne HeitporHoro motoka ~(10°...107) w/(cm*c). Kameps! menenus
pacrioyiaratoTcsi B CrielIMalIbHBIX KaHAJIaX B yIJIax AJIEMEHTAPHBIX sueeK rpaUTOBOM KITaKu.
JBe THpJIAHABI O 7 KaMep MCMOJb3YIOTCS Uil U3MEPEHUSI BBICOTHBIX pachlpeesieHni, a 56
KaMep JUIsl U3MEPEHUs paJuallbHOTO HEUTPOHHOrOo nouid. 1Ipyu HecTamoHapHBIX U3MEPEHUIX
C MOMOIIBIO KOMIIBIOTEPA PACCUMTHIBAECTCS BBEACHHAS PEAKTUBHOCTH B PE3yJIbTaTe PELICHUS
ypaBHEHHH TOYEUHOW KUHETUKU B MPHUOIMKEHUH IIECTH TPYII 3ala3/IbIBAIOIINX HEUTPOHOB
ypaHa-235. Ilpu 3TOM, €CThb BO3MOKHOCTh HCHOJIB30BAaTh Pa3JIMUHbIC MOAXOIbI IS ydyeTa
npocTtpaHcTBeHHBIX 3(dekToB [8]. PeakTuBHOCTH ompenensercs N0 CyMMapHOMY CHUTHATY
kamep (p~), MO CyMMApHOMY CHTHANY C YYEeTOM IEHHOCTH HEHTPOHOB, PAaBHOI MOTOKY
HEHTPOHOB B MCXOJHOM KPHUTHUECKOM COCTOSIHHH (p~0) WM B KaXIbIH TEKYIIHH MOMEHT

BpeMeHH (p>)), a TAKKe MyTeM yCPEeIHEHHs PeaKTHBHOCTEH M0 OTACIBHEIM KamepaM (p) u
YCPEAHEHUS] PEaKTUBHOCTEH OTIENIbHBIX KaMep IOCiie BBEJICHHS MONpPAaBKM HAa M3MEHEHHE
¢opmer Heitrpornroro monst (o ?).

B Tabnuue 1 npuseneHsl pe3yabTaThl H3MEPEHUS] PEaKTUBHOCTH B uana3zoHe oT +0.25 P,
no  -4.25 B,y Ha cOopke B BHJE (parMeHTa HadanbHOH 3arpysku peakropa PEMK u3 256
kaHanoB. 3mepenust BbmmonHeHsl komruiekcoM «KentaBp-KC» ¢ ucnonb3oBaHuem
NIEPEUYUCIICHHBIX MOAXOM0B U PEAaKTUMETPOM, Ha KOTOPBIA IOAABAJICS CyMMAapHbBIN CUTHAJ
YEeThIpEX KaMep, pacHoJIOKEHHBIX B OOKOBOM oTpakareine. [laHbl cpelHEKBaJIpaTHYeCKue
norpentHocT pe3ynbTatoB B Buae +0.246(2)=0.246+0.002. OTMeTHM, 4TO TIPH U3MEPEHUHN
OTPUIIATENBHON PEAKTUBHOCTH >1 [, pe3ylbTaThl, MOJTyYEHHBIE IO OTJAECIBHBIM KaMepaMm
AKTHUBHOM 30HBI WJIM OTpaXkaTelisl, MOTYT OTJIMYaThes B 2...4 pasa.

BunHo, 4TO Bee moaxozsl, Coiab3yemble B KoMiuiekce «KenraBp-KC» nis yuera
IIPOCTPAHCTBEHHBIX AP(PEKTOB, 1aI0T OJIN3KUE BEIUYUHBI OTPULIATENIHON PEaKTUBHOCTH.
OTnnune Mexy 3Ha4€HUSIMU OTPULATENIbHOM PEAKTUBHOCTH 10 PEAKTUMETPY U KOMILIEKCY
«KenTaBp-KC» moxer nocrurars ~(10...30) %. IlonoxuTenbHble peakKTUBHOCTH
MPAKTHUYECKHU PaBHBI BO BCEX CIyYasX.



Tabnuma 1
Pesynpratel  u3MmepeHuilt  peaktuBHOCTH  (B,4) KkomiuiekcoM  «KentaBp-KC»
peaktumeTpoM Ha crenae PBMK
«KenTaBp-KC»
No s s s = ~ Peaktumetp
Pt Po Pt p Io}
1 | +0.246(2) | +0.246(2) +0.246(2) +0.240(2) +0.239(3) +0.243(2)
2 | -0.169(2) -0.169(2) -0.168(2) -0.169(5) -0.162(4) -0.189(2)
3 | -0.495(5) -0.491(5) -0.492(5) -0.493(12) -0.487(4) -0.485(5)
4 | -0.615(6) -0.612(6) -0.587(6) -0.663(29) -0.615(4) -0.717(7)
51 -1.12(1) -1.15(1) -1.11(1) -1.13(3) -1.120(5) -1.00(1)
6 | -4.25(5) -4.32(5) -4.15(5) -4.40(14) -4.30(1) -5.54(6)

2. Ucnoab3oBanme annaparypsl «Kenrasp» Ha peakropax PBMK

Kommekc «KentaBp-ADCy» ObLT HM3rOTOBJEH MJisi TPOBEACHHUS HM3MEPEHUN BO BpeMs
bu3MYECKOro Mmycka peaktopa Tpethero 0soka CmoneHckoir ADC. DTOT KOMIUIEKC COCTOSIT
3 74 NUHEHHBIX W3MEPHUTENBHBIX KaHAJOB C Majora0apuTHHIMU KaMepaMH JICJICHHS, 8
[IMPOKOINATIA30HHBIX JIOTAPU(DMUICCKUX KAHAIOB C BBICOKOYYBCTBHUTEIHHBIMU KaMepaMu
nenenust 1 Mukpo OBM. Copok Ba TMHEMHBIX U3MEPUTEBHBIX KaHala UCIIOIb30BAIUCH IS
6 BBICOTHBIX TUPJSHI MO 7 KaMep B KaXJOW, a TPUJLATH JBA — C KaMEpaMH JIJIsi U3MEPEHUS
pasnaIbHOrO HEUTPOHHOTO MoJisl. JIMHelHble U3MepUTENbHbIE KaHaJIbl paboTaal B TOKOBOM
peKHMe M obecreumMBand M3MepeHHe HeWrponHoro mortoka ~(107...10%°) u/(cm*-c) mpu
MOIIHOCTH TraMMa-u3aydenust 10 ~0.5-10° p/ua. Jlorapupmudeckue KaHambl paboTand B
UMITYJIbCHO-(UIYKTYalIMOHHOM PEXHME M MOTJIM HCIOJB30BaThCs I H3MEPEHHH B
MOJAKPUTUYECKOM UM KPUTUYECKOM COCTOSIHUAX B JHMANa30HE HEWTPOHHOIO MOJTOKA
~(10...10%) u/(cM*-c) B ramma moimsix 10 ~10° p/u.

Bo Bpems ¢usmyeckoro mycka ¢ nmomoribio komruiekca «KentaBp-ADCy» ObUT BBHITOTHEH
Oonpmioit  06vem um3Mepenuil. Ilpu QopMupoBaHMM HayalbHOW 3arpy3Kd peakTopa
IIPOBOAWIINCH W3MEPEHHs CTAllMOHAPHBIX IOJIEH HEUTPOHOB B KPUTHYECKOM COCTOSHHHU.
BriepBbie ObUIO BBIMOJHEHO H3MEPEHHE CTAIlMOHAPHOTO paclpeneieHus HEHTPOHOB IO
BBICOTE TIOJKPUTHYECKOTO peakrtopa. Okas3aloch, 4YTO MaKCUMyM IOIKPUTHYECKOTO
BBICOTHOTO MOJIs HA ~1 M BbIlIE KpUTHYECKOro MakcumyMa (puc. 1). IIpu a3tom Habmonaercs
Oonblllass HEPaBHOMEPHOCTh IO BBICOTE, Y€M B KpPUTHYECKOM cocTosiHuM. [IpoBoaunucek
U3MEPEHHUs] HEeCTAlMOHApHBIX MOJel HEHTPOHOB MO 00BEMY peakTopa NpHU BBEJCHUU U3
KPUTHYECKOIO COCTOSIHMSI Pa3jIMYHOTO 4YHClia CTepKHEH pydHbIXx perynsaropoB (PP),
cTepkHell  ObicTponeiicTByromield  aBapuitHo 3ammtel  (BA3) u  onHOBpeMEHHOM
nepeMenieHn Ha 0.5 M Bcex yKOpOUEHHBIX cTepkHel nmoriorutene. [Ipumep nedopmanuu
(B BHJIe OTKJIOHEHUS OT MEPBOHAYAIBHOTO BHJIa B KDUTHYECKOM COCTOSIHUN) BBICOTHOTO T10JIS
HelTpoHOoB npu copoce 33 PP mpusenen Ha pucynke 2. BuaHo, 4To mpu BBOJIE CTEp>KHEH
BBICOTHOE I10JI€ B Ha4aJIe CMEIAETCsl B HUKHIOIO YacTh aKTUBHOM 30HBI, 3aTEM BO3BPAILAETCs
K UCXOJHOMY BHJY, a IPU MOJXOJE CTEPKHEN K HMKHEMY KOHLIEBUKY HAaUMHAET CMELIAThCs



BBCPX, MPUHHMAA CO BPEMCHCM (I)OpMy CTAllUOHApHOTO HOAKPUTHUYCCKOTI'O HeﬁTpOHHOFO
I10JI4.

IIpn HecTanMOHApHBIX H3MEPEHUSAX C IMOMOIIBIO MUKpOo OBM, ucnone3ys METOOUKY
peanu3oBanHyto Ha cteHne PBMK, Beuucisiiach BBENEHHass  PEaKTHUBHOCTh. 3HAYCHUS
PEaKTUBHOCTH IO OTHENBbHBIM KaMmepaMm Komiulekca «KeHraBp-ADC» Moriam oriauyaTscs B
2...3 paza u mpu 0O0paOOTKE MAHHBIX WCIOIB30BAIUCh T€ K€ TMOAXOABl IJs YyueTa
IPOCTPaHCTBEHHBIX AP PekToB. OJHOBPEMEHHO MPOBOIMINCH M3MEPEHHsI PEaKTUBHOCTH C
MOMOIIbI0 pEaKTHMETpa, Ha KOTOPbIM IMOJaBajCs CyMMAapHBIH CHTHal  YeThIPEX
TPEXKAMEPHBIX IIOABECOK YCTAHOBJICHHBIX B aKTMBHOW 30He. Hekoropble pe3ysbTaTsl
M3MEpPEHUI MOJKPUTUYHOCTU MpH cOpoce m3BiIeUeHHbIX cTepxkHeld PP u nmoOpoce crepkHeit
BA3 npusenensl B Tabnuue 2. s JaHHBIX, MOJIYYEHHBIX N0 KomIuiekcy «KentaBp-ADCy,
JaHbl CPEJHEKBAIPATUYECKUE TIOTPEUIHOCTH BOCIPOU3BOJMMOCTH  PE3YyJbTaTOB, MJIs
peaKkTUMETpa — MPUHATAs] METOANYECKAsl TOTPEIIHOCTh U3MEPEHUSI.

Bunano, uto moaxoasl, ucnosibdyembie B komiuiekce «KenraBp-ADCy» miis yuyeta
IPOCTPaHCTBEHHBIX (P (PEKTOB, Aat0T OJIM3KKUE pe3yibTaThl. Peaktumetp ¢ 12
BHYTPH30HHBIMU KaMepaMH JIaeT yAOBJIETBOPUTEILHOE COBIIAJICHUE C Pe3yIbTaTaMHu
komruiekca «KentaB-ADC» nipu BBoJie crepkHel PP (akcniepumenTst NelNel...4) — otnuune
He 6onee ~7%. Ho pu nobpoce crepxueit BA3 (3xcnepumMenTsr NeNe5...7) oTnudne
nocturaet ~(9...17) %.

Tabmura 2

PesynbraTsl n3MepeHus MOIKPUTUYHOCTH (P3,g) KommiekcoM «KenraBp-ADC» u
€aKTHUMETPOM Ha peakTope TpeThero 6soka Cmonenckoit ADC

Ne . . «KeHTa];p-ASC» _ — —
Pt Po Pt P P
1 2.04(2) 2.04(2) 2.03(2) 2.08(4) 2.03(1) 1.9(1)
2 2.81(3) 2.82(3) 2.79(3) 2.77(5) 2.80(1) 2.7(1)
3 5.49(5) 5.78(5) 5.43(5) 5.62(21) 5.48(3) 5.6(2)
4 6.45(6) 7.04(6) 6.73(6) 6.29(17) 6.48(3) 6.4(3)
5 4.80(5) 4.80(5) 4.72(5) 5.05(19) 4.79(1) 4.1(2)
6 5.42(5) 5.57(5) 5.48(5) 5.41(14) 5.45(2) 5.0(2)
7 | 10.87(11) 11.75(12) 10.83(11) - - 9.8(4)

B 1991 rony xommuiekcom «KenTtaBp-ASDC» ObLIM BBINOIHEHBI U3MEPEHUS
s dextuBHOoCcTH 21 crepxHs BA3 Ha peakTope nepBoro 6ioka Kypckoit ADC, paboraroriem
Ha MourHocTH ~50 %. B 3THX N3MepeHHsIX UCTIOIB30BaIl CUTHAJIBI cepeOpsHbIX OeTa-
AMUCCUOHHBIX NaTYNKOB HeHTpoHOB COKPI. CrneunanbHas pacueTHasi mporpamma
MTO3BOJIsIJIa YUYUTHIBATh MHEPIIUMOHHBIE COCTABJISIONINE CUTHAJIOB 3TUX JATYUKOB C YUYETOM
Pa3IMYHOTO BHITOPAHUS H30TOIMOB cepedpa 1 ONepaTUBHO MOTyYaTh peajbHbIC TaHHbBIE O
nedopmaluy moyied HeMTPOHOB BO BpeMeHH. [Ipu MpoBeACHNUHN YKCIIEPUMEHTOB B KOMILIIEKC
«KenTaBp-ADCy» BBOOWINCH: CyMMapHbIil curHai Bcex 128 paguanbHbIX JaTYUKOB KOHTPOJIS
sueprosoeiaeneaus (JIKOP), ornenpabie curnanst 32 JIKOP, a Takke oTnenpHbIe CUTHAIBI 4
MTaTHBIX OOKOBBIX HOHM3AMOHHBIX kKamep(BUK). OqHoBpeMeHHO MPOBOAMIOCH U3MEPEHHE
PEAaKTUBHOCTH C ITOMOIIBI PEAKTUMETPA IO CYMMAPHOMY CUTHAITY ABYX APYTHX IITATHBIX
BUK. IIpu BEIUMCIIEHNN PEAKTUBHOCTH MCIOJIb30BAIACh METO/IMKA OOPAIIECHHOTO YpPAaBHEHUS



TOYEYHOU KMHETUKHU B MPUOIMKEHNUN 6 TPYIIT 3ama3IbIBaloINX HEUTPOHOB ypaHa-235. B
JAHHOM CJTy4ae JIJIsl TOIUTHBa ¢ BeiropanueM ~11 MBt-cyT./krU Takoit moaxon
CUCTEeMaTUUYEeCKH 3aBbIIIAET MOJAKPUTUYHOCTD Ha ~3.6 %, 4TO yKiIapIBacTCs B IPUHATYIO
MOTPEUTHOCTh U3MEPEHUS PEAKTUBHOCTH, PaBHYIO =5 %. OTinnune 3Ha4eHUI peaKTUBHOCTH
no otaenbHbIM JIKOP nocturano =3 pas, a no otaensusiM BUK =30 % u npu o6paboTke
JTAHHBIX UCTIOIH30BAIMCH TPUMEHEHHBIE PaHEe MOIXOIbI IJIsl y4eTa MPOCTPAHCTBEHHBIX

s dektoB. Kpome Toro, Tak Kak 3KCIEpUMEHTHI TPOBOAMIUCEH HAa MOITHOCTH ~50 %, B
MOJTyYCHHBIC 3HAUYCHUSI PEAKTHBHOCTH BBOAMIIACH TIONIPaBKa HA OOPATHYIO CBS3h 110
MotmHoCTH. Pe3ynbrarel uamepenus s dexruBHoctr 21 crepxHst BA3 koMrmiekcom
«KentaBp-ADC» u peakTuMeTpoM 10 (p) U mociie (Poc) BBEIEHUS MOMPaBKU HA OOPATHYIO
CBSI3b 10 MOIIHOCTH TPEJICTaBIICHbI B Tabnuiie 3. JlaHbI CpeTHeKBaIpaTHIECKUE
MOTPEUTHOCTH BOCTIPOM3BOJIMMOCTH PE3YJIbTATOB.

Bunno, uto a¢dextuBHOCTS cTepkHel BA3, onpenenennas B komiiekce «Kenrasp-
ADC» no cymmapaoMy cursaiy 128 JIKOP, no curnany 32 IKOP ¢ ucnonszoBanuem
Pa3IMYHBIX OJIX0J0B, YUUTHIBAIOUINX IPOCTPAHCTBEHHBIE 3()(PEKTHI, U 110 CUTHATAM
yetelpex BUK nocie BBeieHNs monpaBKy Ha U3MeHeHHe (GOopMbl HEUTPOHHOTO TOJIS
MIPAKTUYECKU PaBHBI MEX1y cO00i. YueT 0OpaTHBIX CBsI3€l MO MOIIHOCTH yBEIMYUBAET
s dextuBHOCTh cTepkHe BA3 Ha =(7...12) % u ewé 6oee cOnmmKkaeT pe3yabTaThl.
3HaueHus, NOIYUYEHHBIE 10 PEAKTUMETPY, Ha 14 % MeHblIe pe3yIbTaToB KOMIUIEKCA
«KenTtaBp-ADC» ¢ IKOP u B ipeenax morpentHocT coBnaaet ¢ pesysibraroM mo 4 bBUK
KOMILJIEKCa JI0 BBEJICHHSI B HETO MOMNPABKU Ha U3MEHEHHE (DOPMBI MOJIS.

Tabmma 3

Pesynbratsl nsmepenus 3¢ dexTuBHOCTH ([3,9) 21 cTepixkHsa BA3 (no/mocne BBeaeHUs
MOTPaBKK Ha 00paTHYIO CBS3b MO MOIIIHOCTH) Ha peakTope nepsoro Oioka Kypckoit ADC

Yucio, «KenTaBp-ADC» Peaktumerp
THIKAMED | p*/pYac | PYo/ Powe [Pt/ P | P/ Pac | PP | p*/pE
128 JIKDP | 1.67(9)/1.84(8) - - - - -

32 IKDP [1.67(10)/1.84(6) | 1.72(10)/- | 1.65(10)- | 1.76(10)- |1.67(2)/1.85(8) -

4 BUK - - - 1.50(9)/1.68(9)|1.73(5)/1.86(11) -

2 BUK - - - - - 1.46(5)/1.64(1)

Bo Bcex Tpex pacCMOTPEHHBIX CEPUAX IKCIIEPUMEHTOB C YUCIOM HEWTPOHHBIX Kamep =70
paccMOTPEHHbIE METO/Ibl Y4eTa IPOCTPAHCTBEHHBIX APHEKTOB NArOT OJIN3KHE PE3YIbTATHI.
OObIYHO, IPY U3MEPEHUH PEAKTUBHOCTH Ha PeakTope UCTOb3yeTcs <12 HeHTPOHHBIX Kamep.
He Bcerna ynaercs pacnosiouTh 3T KaMephl B pejienax akTUBHOM 30HBL. [Ipy Taknx
YCJIOBHAX CYMMAapHBIN CUTHAJI KaMeEP HE SBIISCTCS IPONOPLUOHAIBHBIM IIOJIHON MOIIHOCTH
peaKkTopa M BKJIAJ] MPOCTPAHCTBEHHBIX 3(P(PEKTOB AJIs BCEX paCCMOTPEHHBIX METO/IOB
Bo3pactaeT. OleHKa NOrPeIIHOCTH PEAKTUBHOCTH 3a CUET IPOCTPAHCTBEHHBIX 3(P(HEKTOB B
3aBUCHMOCTH OT YMCJIa HEUTPOHHBIX KaMep J1aHa B CIEAYIOLIEM Pa3elie.

3. HorpemHocTs U3MepPsieMOM PEAKTUBHOCTH 32 CYET
NPOCTPAHCTBEHHBIX 3P (PEeKTOB

[IpencraBneHHble pe3yJabTaThl 3KCIEPUMEHTOB, BBINMOJHEHHBIX Ha cTeHae PBMK,
Cmonenckoir ADC u Kypckoit ADC, ObutM UCHOIB30BaHbI 711 OLEHKU MPOCTPAHCTBEHHOMN
COCTaBJIAIOLICH MOTPEIIHOCTH PEAKTUBHOCTH B 3aBUCUMOCTH OT YHCJIa MCIIOJb3yEeMbIX KaMep.




Jl1st 3TOTO OBLT IPOBEJICH aHANIU3 Pe3yIbTATOB U3MEPEHUS MOAKPUTUYHOCTH PA3HBIM YHCIOM
KaMep MPH Pa3IMYHBIX BapUaHTaX PACIOJIOKECHUS OJHOTO W TOTO K€ 4YHCIa Kamep I10
aKTUBHOM 30HE (Tabmuia 4).

Tabmura 4

PaCCMOTpeHHBIC BapHUaHTBI AJIsI OLICHKU HpOCTpaHCTBeHHOﬁ MOrpeIIHOCTU PCAKTUBHOCTHU

KonuuectBo
Yucno KonunuectBo
[TonHoe BAPHUAHTOB C
copaceiBaem | Ilopxpurnyg BapHaHTOB
DKCHepUMEHT . YHCIIO pa3HbIM YHCIIOM
BIX CTCPIKHEH | HOCTB, Bag pacmoIoKeH!
Kamep Kamep ("ucio
Cvy3 s Kamep
Kamep)
Crenp
PEMK 15 4.3 68 15(2-68) 2-12
CmoneHnckast
ADC 33 2.0 69 11(10-65) 5-6
Kypckas
ADC 21 1.8 128 9(2-32) 1-10

[Tpu 5TOM BBIYMCIISUIMCH TPH THIIA TAPAMETPOB:

Opn— IMana3oH BO3MOXKHBIX 3HAYCHHUI PEAKTUBHOCTHU MIPH UCIIOJIB30BAaHUU CYMMAapHOTO
b

curHaia n kamep (p~,) OTHOCUTENIBHO YCPEIHEHHOTO 110 BCEM BapUaHTaM PaCIOJIOKEHUS

3THX KaMep 3HAYCHHUS PEAKTHBHOCTH ( P ~p);

8pPnz - OTKJIOHEHHE PEAKTHBHOCTH [0 CyMMApHOMY CHTHAITY n Kamep (p~,) OT PeakTHBHOCTH
10 CyMMapHOMY CHTHAJTy BCEX MMeEIoImxcst Kamep (p~);

OpPne - OTKIIOHEHHUE CPEIHEN PEAKTUBHOCTH 110 N KaMepaM II0CJIE BBEJICHHUS TTONPABKH Ha
u3MeHeHne HOpMBI HEUTPOHHOTO NOJIs (P?,) OT PEAKTHBHOCTH [0 CyMMAapHOMY CHUTHAITY
BCeX MMerommxcst kamep(p~).

Jlnd KaxJo0ro yucia Kamep ObUIM ONpeNeNIEeHbl MaKCUMAJbHbIE 3HAYEHHUS Opn ,0Pns, OPng
Cpellr BCEX BapHAHTOB pacrosioxkeHus: kamep. [lomyueHHble pe3ysbTaThl ISl KPUTUYECKOTO
crenna u Kypckoit ADC npencrasiensl Ha pucyHke 3. Pesynbratel s Cmonenckoin ADC
MPAKTUYECKHU MOBTOPSIOT 3aBUCUMOCTHU TOJTYUYEHHBIE JJIi KPUTHUYECKOTo cTeHaa. BuaHo, uro
IIPY HCIIOJIb30BAHUN YETHIPEX TPEXKAMEPHBIX IOJBECOK IMAMA30H BO3MOXKHBIX 3HAUYEHUN
PEAKTUBHOCTHU (OPn)max MOXKET COCTABIATH ~15 % 17151 X0s104HOM cBexer 3arpy3ku U =40 %
JUIsT  pa0boTarolmIero Ha MOIIMHOCTH peakTopa C BBITOPEBIICH 3arpy3koir. Ilpum sTOM
MaKCHMaJbHOE OTKJIIOHEHHE PEAKTUBHOCTU 10 CYMMapHOMYy cHUrHainy 12 kamep oOT
PEaKTUBHOCTH IO CyMMapHOMY BceX KaMmep (OpPnz)max cocTaBisgeT =10 % nans xonogHou
HEBBITOpEBIIEH 3arpy3ku U =25 % g BBITOPEBLIETO peakTopa Ha MoIHOCTH. Ha mepBbIit
B3IJIAJl, METOJ y4eTa MPOCTPAHCTBEHHBIX A(PPEKTOB C MOMOIIBIO MOMPABKA HA W3MEHEHHE
(GopMeI oA sABIIAETCA BecbMa dQQEeKTUBHBIM. BenmunHa (8png)max BO BCEX PACCMOTPEHHBIX
Ciy4asx JJIs XOJIOJHOW HEBBITOPEBIIEH 3arpy3Ku He MpeBbIIaeT ~2 %, a ISl BBITOPEBIIETO
peakTopa Ha MOIIHOCTH - =5 %. Ho ycrnoBueM 3ppeKTHBHOrO MPUMEHEHHUS METO/1a TIOMIPABKH
Ha U3MeHeHue (HOopMbI NOJIS ABIAETCS BOZMOXKHOCTH HOPMUPOBKH CUTHAJIOB KaMep Ha CUTHAJ
IPONOPLUMOHAIBHBIM ~ MHTETPAJIbHOMY IIOTOKY HEHTPOHOB 10 aKTUBHOM 30HE, B
PacCMOTPEHHBIX CiIy4asx Ha curHai >70 kaMep NMOAKIIOUEHHBIX K KomIuiekcy «KeHraBpy.



ITpu mpoBeneHUM 3KCIEPUMEHTOB HAa OCTAHOBJIIEHHOM PAacCXOJIOKEHHOM DPEAKTOPE IITATHHIE
natunkn COKPD He pabGoTaroT M NOSTOMY peaju3alusi 3TOTO YCJIOBUS HE SBISETCA
BO3MOXHbIM. Korma 310 BO3MOXHO, T.e. npu pabore COKPD g mosydeHUs TOro xe
pe3yJsibTarta J0CTaTOYHO UCIOJB30BaTh MPOCTO CYMMAPHBIN CUTHAI 3TUX JaTYHKOB.

Hcnonb3ys BeMUYUHBI (OPn)max U TIOAXO/ MPEUIOKEHHBIN B padoTe [9] Obutn ompeieneHbl
CPEIHEKBAIPaTUYECKUE IPOCTPAHCTBEHHBIE MOTPEIIHOCTH MPU U3MEPEHUN PEAKTUBHOCTH I10
cymMMapHOMY curHainy kamep. llomyueHHble pe3ynbTaThl NpeACTaBlIE€Hbl Ha PHUCYHKe 4.
Bunano, uro pesynbratsl 1is crenna PEMK ¢ ¢pparmMenToM HavanabHOM 3arpy3Ku peakropa u3
256 xananoB M xoyiogHOro peaktopa CmoneHckoid ADC co cBexkel 3arpy3kod akKTHBHOMU
30HBI OnMM3KM MEXIy coOoi. Jlnms paboTaromiero B JHEPTETUYCCKOM PEXHME pPeaKkTopa
Kypckoii ADC ¢ BbIropeBiied 3arpy3koill CpeIHEKBaApaTHYecKas MPOCTPAHCTBEHHAs
MOTPEIIHOCTh yBEIMUMBaeTCs =2 pasza. HamomHum, 4to mpu 00paboTke MOCIEAHHUX
pEe3yJABTATOB MPOBOAMIOCH BOCCTAHOBJIICHHE WHEPIMOHHBIX COCTaBISAIONIMX CHUTHAJIOB
natunkoB COKPD wu BBogmmach MompaBka Ha OOpaTHYIO CBs3b MO MOIIHOCTH. Jlis
MOJTyYEHUsI CPEIHEKBAAPATHUECKONH MPOCTPAHCTBEHHOW MOTpenrHOCTH ~5 % HE0O0XO0aAUMO
UCnobp30BaTh ~10 Kamep A XOJOJHOTO HEBBITOPEBUIET0 peakTopa u =25...30 xamep ais
BBITOPEBIIEI0 peakTopa Ha MOIIHOCTU. [Ipy MCHoib30BaHUM CyMMapHOTO CUTHAJIa YEThIPEX
TPEXKaMEpPHBIX TIOJABECOK CPEJAHEKBAJpaTHYEeCKas MPOCTPAHCTBEHHAs  COCTABJISIONIAS
MOTPEUTHOCTH PEAKTUBHOCTH MOKET cocTaBisTh oT 4 % no 11 % B 3aBUCMMOCTH OT
coCTOSIHUS peakTopa. OTMETHM, UYTO BCE MPHUBEJCHHBIC B JAaHHOM pa3feiie OIEHKH CeJIaHbl
JUIsl BHYTPU30HHOTO PACIIONOKEHUS Kamep.

4. Ucnosb30BaHMe PACUYETHBIX MONMPABOK HA MPOCTPAHCTBECHHbIE
3¢ dexThI

[Ipy wucnonb3oBaHUM HEOOJBIIOTO 4YHCIAa HEUTPOHHBIX KaMep Uil  CHIDKEHHS
MOTPEIIHOCTEN 3a CYET MPOCTPAHCTBEHHBIX IP(PEKTOB N0CTATOUHO IP(PEKTUBHBIM SIBISETCS
IIPUMEHEHNE PAaCUYETHBIX IONPABOK IOJIY4YaeMbIX II0 HECTAalMOHAapHBIM mporpammam [3].
Takass mporpamma JoJKHA HEMOCPEACTBEHHO MOJEINPOBATH HKCHEPUMEHT, T.€. BBIYMUCIAThH
PEaKTUBHOCTD 10 PACCYMTAHHBIM M3MEHEHUSM IOTOKOB HEWTPOHOB B MECTaX PACIOJIOKEHUS
KaMep, a TaKK€ BBIUUCIATh PEAKTUBHOCTH MO MHTETPaJIbHOMY HEWTPOHHOMY IOTOKY BCeH
aKTUBHOM 30HBI. [l BBEAEHUS MONPABKU Ha IMPOCTPAHCTBEHHBIE 3(PPEKTH HEOOXOIUMO
HKCIEPUMEHTAIbHYIO BEJIMYMHY pPEaKTUBHOCTH YMHOXXaTh Ha KO3(Q(UIUEHT B BUJE
OTHOIIEHHS PACYETHBIX PEAKTUBHOCTEW MO MHTErPaIbHOMY CUTHAIY M CUTHATY Kamepsbl. Jlus
peaktopoB PEMK Ttakoii nonxon peanuzoBaH Ha 0aze HecTaroHapHoi nporpamMmmbl STEPAN
[10 ]. B tabmune 5 mpuBeneHbl pe3ynbTaTbl Hcnosb3oBaHUs mnporpamMMmbel STEPAN s
BBEJICHUS PpACUYETHHIX IONMPABOK Ha MPOCTPAHCTBEHHbIE 3((EKTsl NpHU MOBTOPHOM
¢usznueckom mycke mnepBoro Omoka Kypckoit ADC mocie MaccoBoil  3aMEHBI
TEXHOJIOTMYECKUX KaHaioB B 1997 romy. M3mepeHne peakTHBHOCTH BBINOJIHSUIOCH C
MIOMOILIBbI0 KOoMILIEKca «KeHTaBp», NCIOJIB30BaBIIErO0 CyMMapHbI CUTHAN 6 BHYTPHU30HHBIX
HEUTPOHHBIX KaMep, U peakTUMeTpa paboTaBIIero 1no cyMmmapHomy cursaiy 3 BUK.

Tabmunas

Pe3ynbTaTsl 5KCIEPUMEHTAIBHOTO U3MEPEHHS OAKPUTHIHOCTH ([35¢) U BBEJICHUS
pacyeTHOM MOMPaBKK Ha MPOCTPAaHCTBEHHBIC Y(PPEKTHI Ha peakTope mepBoro 0yoka Kypcekoii
ADC

ITonpaBieHHBIE
Ne OKCIEPUMEHT Pacuer JKCIIEPUMEHTAIIbHBIE
3HAYEHUs




KentaBp| Peaktmerp | KenraBp |Peaktumerp Hgg:g;f;’;;m KentaBp | PeaktumeTtp
1 2.22 1.6 2.09 1.62 2.30 2.44 2.27
2 5.93 4.75 5.37 5.08 6.07 6.70 5.68
3 6.60 4.9 5.76 5.12 6.32 7.24 6.05
4 8.96 7.0 7.46 6.62 8.62 10.35 9.11

BuaHo, 9TO IepBOHAYAIEHOE OTIMYUE SKCIIEPUMEHTATIBHBIX 3HAYCHUH TIOAKPUTHIHOCTH
1o BHYyTpu30HHBIM («KeHTaBp») 1 OOKOBBIM (peakTUMETP) KamepaM cocTaBisieT ~(25...40)
%. BBeienue pacueTHOM MOMpPaBKU Ha MPOCTPAHCTBEHHBIE 3(PPEKTH YMEHBIIACT OTIUYHUE JI0
~(7...20) %. PacueTHble MOAKPUTUYHOCTH MO UHTErPATbHOMY HEUTPOHHOMY IOTOKY BCEl
AKTUBHOM 30HBI HAXOAATCS, KaK MPaBUIIO, MEXTy NOMPABICHHBIMU 3KCIIEPUMEHTAIbHBIMU
3HAYCHUSIMHU.

B Oynymiem /i onepaTuBHOTO MOTYUYEHHS SKCIIEPUMEHTAIbHBIX PE3yJIbTaTOB C
pacueTHBIMHU MTONpaBKaMH Ha MpocTpaHcTBeHHbIE 3 dexTh! o nporpamme STEPAN moxHO
MCIIOJIb30BaTh KOMIBbIOTEP KOoMILIeKca «KeHTaBp»

5. Ammaparypa CKII-KEHTABP

B 1999 rony mpu BbIBOJE Ha MOLIHOCTH peakTopa ueTBepToro o6moka Kypckoit ADC
MPOM30ILIO CcpabaThiBaHHWE OBICTPOACHCTBYIOIIEH aBapuiHOW 3amuThl. PacueTtHoe
MOJIeIMpoBaHue wu3BieueHus crepkHed CVY3 mpu BBIBOJE peakTopa B KPUTHYECKOE
COCTOSIHME TOKAa3aJlo, YTO MpU BHIOPAHHOM MOPSJIKE U3BJICUEHUS CTEP)KHEH CYIECTBEHHO
MPEBBILIATOCH MAaKCUMaJIbHO  JONYCTUMOE 3HaueHue Ko3(duuumeHta paauaabHOR
HEPAaBHOMEPHOCTH 3HEPTOBBIACIECHUS. [Tocnennuii  HU3BIIEKAEMbId CTEPKEHb HMMEN
aHOMAJIBHO OOJIBILION «BEC», YTO MPHUBENIO K OOJBIION CKOPOCTH BBEACHUS MOJOKHUTEIBHOM
peaktuBHOCTU. [Ipu »TOM BenMuMHAa nEpHoOAa pOCTa HEUTPOHHOIO IOTOKAa B pailoHE
MaKCUMyMa HEHTPOHHOTO MoJis Obljla 3HAUYUTENILHO MEHBIIIE, YeM B MECTaX pacloIOKEeHUs
JATYMKOB IITAaTHBIX MPUOOPOB aBAPUIHOW 3aIIMTHI MO CKOPOCTH HApacTaHUS MOIIHOCTH.
JUist uCKIToueHUs] MOAOOHBIX CUTYaluil OblT BBEJEH LIEJbIN psAJl OpraHU3alMOHHBIX Mep. B
KayecTBE TEXHUUYECKOTO CPE/ICTBA, MO3BOJISIIOIIETO OCTOSIHHO KOHTPOJIUPOBATh CUTYAIIMIO B
IpoLecce BBIBOJA PEAKTOpa HAa MHUHUMAJbHBIA KOHTPOJUPYEMBIM YPOBEHb MOIIHOCTH
npeiaraetcs cuctema KoHTpods mnoakputuuHocTH (CKII) Ha 0Gasze Oynoka 00paOoTKU
curHasioB kamep (BOCK), onpoOoBaHHOTO paHee B MOCIEAHUX MOAM(PUKALUAX KOMILIEKCa
«Kenrtasp».

[Ipennonaraercs, urto anmaparypa CKII-KEHTABP Oyner cocroste u3 Tpex
HE3aBUCHMBIX KaHAJIOB KOHTPOJISI M TIEPCOHAIBHOTO KOMITbIoTepa. Kakaplii kKaHam KOHTPOIIS
Oyaer obecneynBaTh cOOp W 0OpabOTKY CHUTHAJIOB OT INECTH TOABECOK Kamep,
YCTaHABJIMBAEMBIX B IeHTpanbHble Hecynme TpyOku TBC. IloaBecka kamep OyaeT UMeTh B
CBOEM  cOCTaBe OJHY  HOHM3auMOHHyK  kamepy  IIMK-5mt,  coxpansrouryio
paborocriocoorocTs 10 300 °C. Ucnonb3oBanue 18 HEWTPOHHBIX KaMep MO3BOJUT CHU3HTH
CPEAHEKBAIPATUYECKYI0 MPOCTPAHCTBEHHYIO COCTABJISIOIIYI0 IOTPEIIHOCTh H3MEpPEHHs
peakTuBHOCTH 10 ~7 %. Kaxnpli kanamn koHTpoist Oyner cocrostb u3 Oioka BOCK u
KOHTpoJuIepa ¢ NMpuOOpamMy, MOKa3bIBAIOUIMMHA MHHHUMAJBHBIM MO IIECTH KaMepaMm Iepuoj
pocta HEWTpPOHHOro moToka. I[lepcoHanpHBIH KOMIBIOTEP OyAET OCYIIECTBIATH COOD,
00paboTKy u xpaHeHHe MH(popMaK. B cocTaB cucTeMsl miIaHUPYETCsl BKIOYUTH 3BYKOBOM
unaaukatop pasroHa. Cucrema CKII-KEHTABP oyaer ceprudumnmpoBana u obecredeHa
METOJMKON M TEXHUYECKHMHU CPEACTBAMU JIJIS TIEPHOAMYECKON TIPOBEPKH.



3akiroueHue

Hcnonb3oBaHue B SKCIIEPUMEHTaX Ha KpUTHUECKoi coopke u peakropax PBMK
MHOT'OKaHAJIbHBIX KOMITJIEKCOB «KeHTaBp» MO3BOIMIIO NOIYUYUTh Pa3HOOOpa3HbIe
JKCIIEPUMEHTAJIBHBIE JAHHBIC 110 CTALMOHAPHBIM M HECTALMOHAPHBIM I1OJISIM HEUTPOHOB U
s dexTam peakTUBHOCTU. Ha OCHOBE 3THX pe3ysbTaTOB MOKHO MPOBOJUTH KOMIIEKCHYIO
BAJIMJALMIO PACYETHBIX IIPOTPaMM.

B pesynbrare aHanuza 3THX pe3ysIbTaToB ObLIa OLIEHEHA IPOCTPaAHCTBEHHAS
COCTAaBJISIONIAs TOTPEIIHOCTH PEAKTUBHOCTH B 3aBUCUMOCTH OT YHCJIA UCITOJIb3YEMBIX
BHYTPU30HHBIX Kamep. [Ioka3zaHo, 4TO MpH UCIIONB30BAHUH IITATHOM METOIUKU —
CyMMAapHOT'0 CUTHAJIa YETBIPEX TPEXKAMEPHBIX ITOJBECOK - CPEIHEKBAIpaTHIECKas
IIPOCTPAHCTBEHHAS COCTABIIAIONIAS OTPEIIHOCTHA PEAKTUBHOCTHA MOXKET gocturath =11 %.

JInist yMEHBIIEHUS TOTPEITHOCTH PEaKTUBHOCTH 32 CUET MPOCTPAHCTBEHHBIX AP PEKTOB
J0CTaTOYHO 3(hPEKTUBHO HUCIOJIb30BAHNE MOMPABOK, PACCYMTAHHBIX MO HECTAIMOHAPHBIM
nporpammam. it OBBIIEHUS ONIEPATUBHOCTH PacdeTa MOYKHO UCIIOJIb30BaTh KOMIIBIOTED
Komruiekca «KeHnraBpy.

JlaHo ommcaHre BOCEMHAIIIATH KaHAIBHON KOHTPOJIBLHO-U3MEPUTEIHHON CUCTEMBI Ha 0a3e
anmapatypsbl «KeHTaBp», M03BOJISAIONIEH KOHTPOJIMPOBATH MIEPUOJT POCTA HEUTPOHHOTO
IIOTOKA I10 ITOKA3aHUsIM BHYTPU30HHBIX KaMep B IIPOLIECCE BBIBOJA PEAKTOpA Ha
MUHHUMAJIBHBI KOHTPOJIMPYEMBIA YPOBEHb MOIHOCTH. Vcnosb30BaHMEe BOCEMHAATH KaMep
IIO3BOJIAT CHU3UTH CPEIHEKBAAPATUYECKYIO IIPOCTPAHCTBEHHYIO COCTABIISAIOLLYIO
MOTPEIIHOCTH PEAKTUBHOCTHU 10 =7 %.
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Puc.2. I3ameneHnne BRICOTHOTO MOJIsi HEUTPOHOB BO BPEMEHHU MIPH BBOJIE
Ha 3 6;10ke CADC

t=0c
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Puc.3.MakcuManbHbIe OTKJIOHEHHUSI PEaKTHBHOCTH MPH PAa3IMIHOM PACIIONIOKEHUH N KaMep, ONpe/ieieHHbIC Ha
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Abstract

The paper presents a review of experimental data in a form of steady-state and
transient neutron fields and reactivity effects performed in the RBMK critical facility
and the RBMK reactors by “Kentavr” complexes. These results can be the ground for
RBMK neutron codes validation. The results of experiments with large number of
intracore chambers permit to evaluate a magnitude of a reactivity error from space
effects for different number of employed chambers. For reduction of a space error of
reactivity it is enough effectively using of the corrective factors, computed on the
dynamic STEPAN code. The modification “Kentavr” equipment allows to supervise a
period of neutron flux growth under the readings of intracore chambers during a
reactor start-up.

Introduction

The determination of the passport neutronic characteristics of RBMK reactor,
as a rule, is connected to measurement of reactivity. For this purpose in a critical
condition a change of parameter is executed, the influence of which on reactivity is
investigated, and introduced reactiviy is determined as a result of processing of the
neutron chambers readings by a solution of the inverse point kinetic equations [1].
The whole number of moments are essential for received result, for example, value of
introduced disturbance, as well as number and location of chambers.

Long time analog reactimeter were used in RBMK reactor for measurement of
reactivity by a method of the inverse point kinetic equations. At experiments during
physical start-up of a “cold” reactor in reactimeter total current signal of four neutron
chambers, installed in dry technological channels of the core, was processed. For
measurement of reactivity of reactor working on power a total signal of standard
chambers, located abroad to the core, were used. Since 1983 in RBMK-1500 reactor
of the Ignalina nuclear power plant (NPP) hangers with three, placed on different
height, chambers in each channel, have become to apply as standard side sensor. In
further and at realization of measurements in stopped and cooled RBMK-1000 reactor
a total signal of four three-chamber hangers, placed in dry channels of a core, have
become to use. Such approach has become to give more authentic significances of
reactivity, permitting better to take into account in measurements axial non-
uniformity of neutron fields in a reactor.

In 1989 at physical start-up of a reactor of the Smolensk NPP unit 3 the
“Kentavr-NPP” complex was used. The complex allowed to conduct measurements
of neutrons flux density in 74 points of a core. A computer, included in a structure of
this equipment, enabled operatively to conduct processing of current signals of
neutron chambers for determination of reactivity significance and to use the various



approaches for the determination of reactivity without space effects. The principles,
realized in “Kentavr-NPP” complex, were tested and fulfilled in the “Kentavr-CF"
complex in current of several years up to it successfully used in critical facilities of
the RRC "Kurchatov institute" [ 2, 3, 4 ]. Hereinafter the "Kentavr-NPP" complex
was successfully used in experiments during stops of reactor in the Smolensk, the
Leningrad and the Kursk NPP’s [ 5 ]. For an opportunity of measurements in
conditions of the intensive gamma-radiation, present after stop and cooling of a
reactor,was entered impulse-fluctuation mode of 12 channels with chambers.
Measurements in reactor working in power condition of the Kursk and the Smolensk
NPP’s with use of signals of silver beta-emission neutron sensors of standard power
dencity distribution monitoring system (PDDMS) were conducted. At present time the
new modifications of "Kentavr" complexes are used at realization of measurements
of main neutronic parameters of reactor in a cold condition [ 6, 7 ]. Sensitive fission
chambers, placed in central tubes of fuel assemblies, are applyed as sensors.

The problem about creation of monitory system on the basis of the last
modifications of a “Kentavr” equipment, enabling constantly to supervise a period of
neutron flux growth during gain of reactor capacity up to a minimum controllable
level, using intracore fission chambers, is considered. As well as earlier, this
equipment will provide measurement of reactivity.

This report presents results of experiments, executed with help of “Kentavr”
complexes in RBMK critical facility and RBMK reactor, as well as defines main
principles of monitory “Kentavr” system.

1. “Kentavr” equipment in RBMK critical facility

“Kentavr-CF" complex is used since 1988 in a RBMK critical facility. This
equipment permits to conduct measurement and processing of space distributions of a
neutron flux density in a stationary condition and during the insertion of control rods
or start up in a critical condition. The complex consists of 68 linear measuring
channels with small-sized fission chambers and a computer. The measuring channels
work in current mode and provide measurement of a neutron flux ~ (10°...107)
n/(cm”s). The fission chambers place in special channels in corners of cells of
graphite stack. Two strings from 7 chambers are used for measurement of axial
neutron field, and 56 chambers - for measurement of radial neutron field. At non-
stationary measurements entered reactivity is calculated with the help of a computer
as a result of the decision of inverse point kinetic equations in approximation of six
groups of delay neutrons U-235. There is an opportunity to use the various
approaches for the account space effects of reactivity [8]. A reactivity is determined
on a total signal of chambers (p*), on a total signal with a worth of neutrons, equal to
neutron flux in initial critical condition (p*) or in each current moment of time (p™,),

as average reactivity of separate chambers (;), as average reactivity of separate

chambers after neutron field form change correction (; ).

Results of reactivity measurement in a range from +0.25B¢¢ up to -4.25Bf in
the critical facility in a kind of a fragment of RBMK initial loading from 256
channels are represented in Table 1. The measurements were executed by a “Kentavr-
CF” complex with use of the listed approaches and by a reactimeter, using a total
signal of four chambers, located in side reflector. Mean-square errors of results are
given in a kind +0.246(2)=0.246+0.002. We shall note, that at measurement of



negative reactivity >1 B, the results, obtained on separate chambers of the core or
reflector, can differ in 2...4 times.

Table 1. Measurement of reactivity (Ber) by “Kentavr-CF” complex and reactimeter
in critical facility

Kentavr-CF
Ne s s s — = Reactimeter
Pt Po Pt p P
1 |+0.246(2) | +0.246(2) | +0.246(2) | +0.240(2) | +0.239(3) +0.243(2)
2 [-0.169(2) | -0.169(2) | -0.168(2) | -0.169(5) | -0.162(4) -0.189(2)
3 | -0.495(5) | -0.491(5) | -0.492(5) | -0.493(12) | -0.487(4) -0.485(5)
4 | -0.615(6) | -0.612(6) | -0.587(6) | -0.663(29) | -0.615(4) -0.717(7)
5 -1.12(1) | -1.15(1) -1.11(1) -1.13(3) | -1.120(5) -1.00(1)
6 | -4.25(5) | -4.32(5) -4.15(5) | -4.40(14) | -4.30(1) -5.54(6)

It is visible, that all methods, used in “Kentavr-CF” complex for account of
space effects, give close values of negative reactivity. The difference between
significances of negative reactivity on the reactimeter and “Kentavr-CF” complex
can reach =(10...30) %. Positive reactivities are practically equal for all cases.

2. “Kentavr” equipment used in RBMK reactor

The “Kentavr-NPP” complex was made for realization of measurements
during physical start-up of a reactor of the Smolensk NPP unit 3. This complex
consisted of 74 linear measuring channels with small-sized fission chambers, 8 wide-
range logarithmic channels with high-sensitiv fission chambers and computer. Fourty
two linear measuring channels were used for 6 high strings with 7 chambers in each,
and thirty two - with chambers for measurement of radial neutron fields. The linear
measuring channels operated in a current mode and provided measurement of neutron
flux ~(10"...10°) n/(cm”s) at capacity of y-radiation up to =0.5-10° r/hr. The
logarithmic channels worked in a pulse-fluctuational mode and could be used for
measurements in subcritical and critical conditions in a range of neutron flux
~(10...10")n/(cm™-s) in a y-fields up to ~10°r/hr.

During physical start-up with the help of a “Kentavr-NPP” complex large
volume of measurements was executed. At formation of initial loading of a reactor,
measurements of steady-state neutron field in a critical condition were conducted.
Measurement of axial steady-state neurton field for subcritical reactor was executed
too. A maximum of axial subcritical neuton field was on =1 m higher of a critical
maximum ( fig. 1). Thus more non-uniformity on height, than in a critical condition is
observed. Measurements of transient neutron fields were conducted at the insertion
from a critical condition of various number of manual control rods (MCR), fast scram
rods (FSR) and simultaneous moving on 0.5 m of all short control rods. The example
of deformation (in a kind of a deviation from an initial kind in a critical condition )



axial neutron field at drop of 33 MCR is represented on a fig. 2. It is visible, that at
entering of rods the axial field in the beginning displaces in the bottom part of a core,
then comes back to an initial kind, and at the approach of rods to bottom end switch
begins to displace upwards, accepting in due course the form of stationary subcritical
neutron field.

Entered reactivity was calculated at transient measurements with the help of a
computer, using a method realized on RBMK critical facility. The significances of
reactivity on separate chambers of a “Kentavr-NPP” complex could differ in 2...3
times and at data processing the same approaches for the account of space effects
were used. Measurements of reactivity with the help of reactimeter were
simultaneously conducted, on which total signal of four three-chambers hangers
installed in a core applied. Some results of measurements of a subcriticality at
dropping of extracted MCR’s and the remainder dropping of FSR’s are listed in
Table 2. For data, obtained on “Kentavr-NPP” complex, mean-square errors of
reproducibility of results are given, for reactimeter - an accepted methodical error of
measurement.

Table 2 . Measurement of subcriticality (Ber) by “Kentavr-NPP” complex and
reactimeter in the Smolensk NPP unit 3.

ol z Kentzavr—NPP i} _ S
P P70 P p P
1| 2.042) | 2.042) | 2.03Q2) | 2.084) | 2.03(1) 1.9(1)
2| 2813) | 2.823) | 2.793) | 2.77(5) | 2.80(1) 2.7(1)
3]5495) | 5.78(5) | 5.43(5) | 5.62(21) | 5.48(3) 5.6(2)
4| 6.456) | 7.04(6) | 6.73(6) | 629(17) | 6.48(3) 6.4(3)
51 480(5) | 4.80(5) | 4.72(5) | 5.05(19) | 4.79(1) 41(2)
6 | 542(5) | 557(5) | 5.48(5) | 5.41(14) | 5.4502) 5.0(2)
7 110.87(11)|11.75(12) | 10.83(11) - - 9.8(4)

It is visible, that the approaches, used in “Kentavr-NPP” complex for account
of space effects, give close results. Reactimeter with 12 intracore chambers gives
satisfactory concurrence with results of a “Kentavr-NPP” complex at entering of
MCR’s (experiments NeNel...4) - difference not more than =7 %. But at the remainder
dropping of FSR’s (experiments NeNe5...7) differences reaches =(9...17) %.

In 1991 the “Kentavr-NPP” complex executed measurements of efficiency
of 21 FSR’s in the Kursk NPP unit 1, working on capacity =50 %. Signals of silver
beta emission neutron sensors of PDDMS were used in these measurements. The
special computational program permitted to take into account inertial component of
sensor signals in view of various burnup of a silver isotope and operatively to receive



real data about neutron field deformation in a time. At realization of experiments in a
“Kentavr-NPP” complex were entered: a total signal of all 128 radial power density
sensors (RPDS), separate signals of 32 RPDS’s, as well as separate signals of 4
standard side ionization chambers (SIC). Two other SIC’s were used with
reactimeter. At calculation of reactivity a technique of an inverse point kinetic
equation in approach of 6 groups of delay neutrons U-235 was used. In this case for a
fuel with burnup =11 MW-day/kgU such approach systematically overestimates a
subcriticality on =3.6 %, that is stowed in an accepted error of reactivity
measurement, equal =5%. The difference of reactivity significances on separate
RPDS’s reached =3 times, and on separate SIC’s =30 % and at data processing the
approaches applied earlier for the account of space effects were used. Besides as the
experiments were conducted on capacity of =50 %, into received significances of
reactivity the power feedback correction was entered. Results of measurement of
efficiency of 21 FSR’s by a “Kentavr-NPP” complex and reactimeter before (p) and
after (pgp) entering of the power feedback correction are submitted in Table 3. Mean-
square errors of results reproducibility are given.

Table 3. Measurement of efficiency (Ber) of 21 FSR’s (before/under introduction a
power feedback correction) in the Kursk NPP unit 1.

Number, Kentavr -NPP
type of s s . s - _ _ Reactimeter
chamber | p*/p*n [P0/ Pow | P/P i | P/ pPw | P?/ P
S
128 | 1.6709) ] ) ] ] ]
RPDS | 1.84(8)
32 | 1.67010) 1.672)/
RPDS 1.84(6) 1.72(10)/- | 1.65(10)/- | 1.76(10)/- 1.85(8) -
4 ] ] ] 1.5009) | 1.73(5)/ )
SIC 1.68(9) | 1.86(11)
2 _ _ _ _ _ 1.46(5)/
SIC 1.64(1)

It is visible, that efficiency of FSR’s, determined in a “Kentavr-NPP”
complex on a total signal of 128 RPDS’s, on a signal 32 RPDS’s, using of the various
space effects corrections, and on signals of four SIC after neutron field form change
correction are practically equal among themselves. The account of feedback on
capacity increases efficiency of FSR’s on =(7...12) % and still more pulls together
results. Significances, received on reactimeter, on ~14% less than results of a
“Kentavr-NPP” complex with RPDS’s and within the limits of an error coincide with
result on 4 SIC’s of a complex before neutron field form change correction.

In all three series of experiments with number of neutron chambers >70
considered methods of space effects account give close results. Usually, <12 neutron
chambers at measurement of reactivity on a reactor are used. Not always these
chambers are placed within a core. Under such conditions the total signal of chambers
is not proportional to complete capacity of a reactor and the contribution of space



effects for all considered methods grows. The valuation of a reactivity error from
space effects depending from number of neutron chambers is given in following
section.

3. Reactivity error from space effects

The submitted results of experiments, executed in the RBMK critical facility,
Smolensk and Kursk NPP’s, were used for valuation of a space component of
reactivity error depending from number of used chambers. The analysis of results of a
subcriticality measurement by the different number of chambers was conducted for
this purpose at various variants of an arrangement of the same number of chambers in
a core (Table 4).

Table 4. Variants for estimation of space effect error of reactivity.

Number Nunzber (t)Il: 32; Number of
) inserted [Subcriticality,| All number rants with ¢i- variants
Experiment ferent number of .
control Ber of chambers location of
rods chambers (number chambers
of chambers)

(f:;éﬁff;l 15 43 68 15(2-68) 2-12
Smﬁ;e;mk 33 2.0 69 11(10-65) 5-6
I?\‘Il}f;k 21 1.8 128 9(2-32) 1-10

Three types of parameters were calculated:
dpn - range of possible significances of reactivity by use of total signal of n chambers
(p™y) relatively reactivity significance averaged on all variants of an arrangement of

these chambers (E i

8pns - deviation of reactivity on the total signal of n chambers (p>, ) from reactivity on
a total signal of all being present chambers (p*);
dpne - deviation of average reactivity on n chambers after neutron field form change
correction (p?%y) from reactivity on a total signal of all being present chambers (p>).
For each number of chambers maximum significances dpn, Opns, Opne Were
determined among all variants of chambers arrangement. The received results for the
critical facility and Kursk NPP are submitted on fig.3. The results for the Smolensk
NPP practically repeat dependences received for a critical facility. It is visible, that by
use of four three-chambers hangers a range of possible reactivity significances
(Opn)max can make =15% for cold fresh loading and =40% for reactor working on
capacity with burnup loading. Thus a maximum deviation of reactivity on a total
signal of 12 chambers from reactivity on a total signal of all chambers (dpsx)max
makes =10% for cold nonburnup loading and =25 % for burnup reactor on capacity.
On the first sight, the method of the account of space effects with the help of the
neutron field form change correction is rather effective. Value (8png)max in all



considered cases for cold nonburnup loading does not exceed ~2 %, and for burnup
reactor on capacity - =5 %. But condition of effective application of a method of the
neutron field form change correction is an opportunity of chambers signals
normalization on a signal proportional to an integrated flux of neutrons in a core, in
considered cases on a signal of >70 chambers connected to a “Kentavr” complex. At
experiments on a stopped cooled reactor the PDDMS sensors do not work and
consequently the realization of this condition is not possible. When it is possible, i.e.
by working PDDMS for reception of the same result is reasonably to use simple a
total signal of these sensors.

Using of value (8pn)max and approach offered in work [9] mean-square space
errors at measurement of reactivity on a total signal of chambers were determined.
The received results are submitted on fig. 4. It is visible, that the results for the
RBMK critical facility with a fragment of initial loading of a reactor from 256
channels and cold reactor of the Smolensk NPP with fresh loading of a core are close
among themselves. For reactor of the Kursk NPP working on power with burnup
loading the mean-square space error is increased in =2 times. We shall remind, that at
processing of the last results restoration of inertial component of PDDMS sensors
signals was conducted and the power feedback correction was entered. For reception
of the mean-square space error of =5% needs to use ~10 chambers for a cold
nonburnup reactor and ~25...30 chambers for a burn-up reactor on capacity. By use of
a total signal of four three-chambers hangers the mean-square space component of
reactivity error can make from ~4% up to #11% depending on a reactor condition. We
shall note, that the all valuations indicated in given section are made for an intracore
arrangement of chambers.

4. Calculation correction factors on space effects

Calculation correction factors received by the non-stationary codes are
reasonably effective application for decrease of space effect errors [3]. Such code
should directly simulate experiment, i.e. to define reactivity on calculation changes of
neutron flux in the locations of chambers, as well as to define reactivity on an
integrated neutron flux of all core. For corrective action on space effects it is
necessary experimental value of reactivity to multiply on a factor in a kind of the ratio
of computational reactivities on an integrated signal and signal of a chamber. For
RBMK reactor such approach is realized on the basis of the non-stationary code
STEPAN [10]. Results of use of STEPAN code for the computational corrective
action on space effects at repeated physical start-up of the first block of the Kursk
NPP after replacement of technological channels in 1997 are indicated in Table 5. The
measurement of reactivity was executed with the help of a “Kentavr” complex, used
total signal of 6 intracore neutron chambers, and reactimeter, operated on a total
signal of 3 SIC’s.

It is visible, that the initial difference of experimental significances of a
subcriticality on an intracore (“Kentavr”) and side (reactimeter) chambers makes
~(25...40) %. The computational corrective action on space effects reduces difference
up to =(7...20)%. The computational subcriticalities on an integrated neutron flow of
an all core are, as a rule, between corrected experimental significances.



Table 5.Experimental and calculation subcriticalities (B.r), results introduction
a calculation space effect correction for Kursk NPP unit 1.

Experiment Calculation Exp erl.ment Wlth.
N calculation correction
Kentavr | Reactimeter | K entavr{Reactimeter Integral Kentavr | Reactimeter
Reactimeter
1| 2.22 1.6 2.09 1.62 2.30 2.44 2.27
21 593 4.75 5.37 5.08 6.07 6.70 5.68
31 6.60 49 5.76 5.12 6.32 7.24 6.05
4| 8.96 7.0 7.46 6.62 8.62 10.35 9.11

Hereafter for operative reception of experimental results with the computational
correction factor on space effects by the STEPAN code it is possible a computer of a
“Kentavr” complex to use.

5. Monitory KENTAVR system

In 1999 at a start-up on capacity of a reactor of the fourth block of theKursk
NPP operation of fast-acting scram system has taken place. Computational modeling
of control rods extraction at a reactor start-up in a critical condition has shown, that
at the chosen order of rods extraction, maximal allowable significance of a radial
non-uniformity factor was essentially exceeded. The last extracted rod had anomaly
large “weight”, that has resulted in large speed of the introduction of positive
reactivity. Thus the value of a period of neutron flux growth in a region of a neutron
field maximum was considerably less, than in the locations of sensor of regular
devices of emergency protection on power increase rate. For exception of similar
situations was entered the whole number of organizational measures. As a mean,
enabling constantly to supervise a situation during a reactor start-up on a minimum
controllable level of capacity a monitoring system (MS) on the basis of a block of
chambers signals processing (BCSP), tested earlier in last models “Kentavr” is
offered.

It is supposed, that the equipment MS-KENTAVR will consist of three
independent control channels and personal computer. Each control channel will
provide the gathering and processing of signals from six hangers of chambers, located
in central pipes of fuel assemblies. The hanger will incorporate one ionization
chamber PIC-5, preserving serviceability up to 300 °C. Using of 18 neutron chambers
will allow to decrease a mean-square space component of error of reactivity
measurement up to =7 %. Each control channel will consist of a block BSCP and
controller with devices, showing minimum period of neutron flux growth on six
chambers. The personal computer will execute the gathering, processing and storage
of the information. In a structure of a system is planned to include a sound indicator
of run-away. The MS-KENTAVR will be certificated and supplied a technique and
means for periodic check.



The conclusion

A use in experiments in the critical facility and RBMK reactor of multichannel
complexes has allowed to receive experimental data on sdeady-state and transient
neutron fields and reactivity effects. On the basis of these results it is possible to
conduct validation of the computational codes.

As a result of the analysis of these results a space component of reactivity
error depending from number of used intracore chambers was appreciated. Is shown,
that by use of a regular technique - total signal of four three-chambers hangers - the
mean-square space component of reactivity error can reach =11 %.

For reduction of a space error of reactivity it is enough effectively using of the
corrective factors, computed on the dynamic STEPAN code. For increase
operativeness of computation it is possible to use a computer of a “Kentavr” complex.

Description of eighteen channel monitoring and measuring systems on the
basis of an equipment “Kentavr”, enabling to supervise a period of neutron flow
growth under the readings of intracore chambers during a reactor start-up on a
minimum controllable level of capacity is given. Use of eighteen chambers will allow
to decrease mean-square space component of reactivity error up to =7%.
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Fig. 2. Deformation of the axial neutron field during time under insertion of control rods in t
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Fig.3. Maximum deviation of reactivity for different disposition n chambers determined in t

facility (A) and in the Kursk NPP (B): ®- 8(pn)max, B- 5(pn;
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Fig.4. The mean square error of reactivity from space effects for different num
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